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Abstract – Silver nanoparticles (Ag NPs) are the most frequently studied material with 
superiority as antibacterial that currently increasing the production of Ag NPs. Hence, feasibility 
study is needed for the development on the production of Ag NPs in industrial scale, especially in 
Indonesia and other developing countries. The chemical reduction with sodium citrate is used to 
produce Ag NPs. The purpose of this study is to analysis the prospect of large-scale industrial 
production in engineering perspective and economic evaluation. This study also gave 
recommendations for profitability of the production. Perspective of engineering in the production 
gave information about capability of large-scale production because the easy process and low-
cost apparatuses of production can be done. Various economic parameters were used to 
completed the analysis. Then, the ideal condition to the worst issues of production was estimated 
to completed the calculation of economic evaluation by effects of raw materials. From this study, 
those all parameters gave positive result which mean it has good profitability. However, further 
analysis of strategies in sales and investment must be done in the future to developing the 
production of Ag NPs that promising in capability on large-scale production. 
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I. Introduction 
Silver nanoparticles (Ag NPs) are the most frequently 
studied material for many uses [1,2]. Some products of 
Ag NPs were commercial in the range of 5-50 nm [3]. Ag 
NPs is the fastest growing material product in the 
nanotechnology industry [4]. There are many 
applications of products containing silver nanoparticles 
such as pigments, textiles, water purificants, catalyst and 
today it can be used for antibacterial support in many 
materials [5]. Based on strong antibacterial effects of 
silver nanoparticles, it becoming more universal in 
medical application to solving some issues [4,6]. The 
smaller size of silver will increase the surface area so it 
will efficiently resist from bacteria which could be made 
by nanotechnology [7,8]. Ag NPs are nanoscale sizes 
structure of silver metal that are bonded together and 
didn’t have any ion charge (Ag0) [9,10]. This material 
can be used for some purposes, especially for 
antibacterial issues. Silver has been known for a long 
time to make antibacterial effects in coating or addition 
to material for example, as additive in textiles 
[9,11,12].The ability of Ag NPs as an antibacterial should 
be stronger than free silver ions[7]. To encourage that 
issues, some exploration for increasing the properties of  
 
 
material which has low antibacterial activity such as 
bacterial cellulose (BC) membrane was examined. 
Interaction between Ag NPs and bacterial cellulose make 
the antibacterial activity of BC increasing and prove that 
Ag NPs suitable for healt care or medical application 
typically on antibacterial activity and this can also 
prevent too much agglomeration on Ag NPs when 
synthesized [13-15]. Currently, natural polymer materials 
with Ag NPs addition was interesting for many 
researches in case of application for pigments, electronics, 
catalytics, conductors, antimicrobe, etc.[16-19]. The 
economic evaluation of the chemical industry is a form 
of quantitative assessment of what is expected and 
desired by the community to carry out the investment 
process in a project [20-22]. 
Researches in production of Ag NPs have been 
reported [13]. There are various methods for synthesis 
Ag NPs such as, electrochemical process, chemical 
reduction, sonochemical and photochemical reduction. In 
sonochemical process, ultrasonic instrument was used for 
breaking metal to nano-sized and in photochemical 
process, high radiation from UV light was used for same 
purpose [23-25]. Those methods need expensive cost just 
for the apparatuses based on the production process and 
it can lead problem in the future. Frequently, one of 
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chemical reduction process that is in situ reduction was 
widely uses on production Ag NPs [9, 10, 13, 15, 16, 23, 
27]. The reduction process uses sodium citrate as 
reducing agents [26, 27]. In this method, Ag NPs are 
produced with a simple procedure, low-cost, and 
allowing it to be scaled up as industrial production [15]. 
This method was chosen because it was considered to be 
simpler and easier to do, especially in the fabrication of 
Ag NPs on BC membranes with fast reaction and can 
control the sized of nanoparticles [16]. 
To analyze the production of Ag NPs, this research 
uses a synthesis method that adopted from literature [13]. 
This method was analyzed from two point of view: 
engineering and economic evaluation. To analyze 
economic evaluation in this study, various parameters 
were calculated: 
gross profit margin (GPM; to get information on the 
rough analysis of the economic condition),  
payback period (PBP; to estimate the calculation in 
year that have possible profitability),  
cumulative net present value (CNPV; to predict the 
condition of the project in some years of production),  
break-even point (BEP; to get the minimum 
requirement of capacity on the production), 
In this research, some information was needed and it 
can be adopted from many sources such as website of 
online shopping for chemical (raw material) price, 
specifications and price of apparatuses, and utilizing 
units. Then, the data is calculated to get the result of 
feasibility study of silver nanoparticles production in 
industrial scale. This study is important for make the 
decision when the production is carried out on a large 
scale has potential or not and gives recommendation how 
to get an optimal production of silver nanoparticles to 
gives benefits in economic growth so it can be decreasing 
poverty in several developing countries such as in 
Indonesia. This is also related to cash flow that can be 
produced by workers, sellers, investors and many others. 
This research is the first that analyze the feasibility of 
production Ag NPs, so all of data are calculated in the 
specific conditions. In this research we used effect of raw 
materials as variable of calculation in economic 
evaluation to see profit of this project. Anyhow, in this 
scalling up process, deeper analysis must be done to 
predictions the real conditions to developing the project. 
We believe that this analyze will encourage exploration 
for the industrial-scale production of silver nanoparticles 
in other developing countries. 
II.  Method 
This method was used to analysis data of raw 
material price, utilitizing units, and specifications of 
apparatuses include the price that can be adopted from 
website of online shopping such as alibaba, tokopedia, 
and many more. Then, all data was calculated with 
simple mathematical calculations to get various 
economic evaluation parameters such as GPM, PBP, 
BEP and CNPV of various variable costs. All of them 
were calculated based on the literature [28, 29].  In 
brief,to get the result of the calculation this research 
using some formulas such as, 
 
(1) GPM was calculated by substitution of sales and 
raw material cost 
(2) PBP is the length of time required to restore the 
cost of investment. The simplest way to get PBP 
is acquired from the CNPV curve. The value of 
PBP was determined when first time of value of 
CNPV reached zero point. 
(3) CNPV is the values that acquired from the net 
present value (NPV) at a specific time. In brief, 
the CNPV was acquired by adding the value of 
NPV from the first time of the project. The NPV 
was calculated by adding discount factor for 
calculation on multiplying cash flow. 
(4) BEP is the values that explain the minimum of 
production to get loss-profit. It was calculated 
by dividing fixed cost and profit.  
 
Afterwards, feasibility study of the project was tested by 
ideal condition, effects of raw material, and various 
variable costs. 
 
III. Resultat and discussion 
III.1. Engineering Perspective 
The synthesis of BC/Ag nanoparticles used the 
method taken from literature [5]. Bacterial Cellulose 
(BC) membrane was oxidized using 
TEMPO/NaClO2/NaClO system to prepare carboxyl-
functionalized BC. Silver nanoparticles (Ag NPs) were 
composited on the membrane using sodium citrate as the 
reducing agents.   
For this research we are focused on production of Ag 
NPs with in situ reduction process for addition/doping in 
BC. Systematic of the production is shown in Figure 1. 
 
Figure.1. Schematic production of silver nanoparticles 
with in situ reduction process 
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The process starts from immersing the carboxyl-
functionalized BC with silver nitrate for pre-treatment 
BC to be BC/Ag in incubation process under warm 
temperature (40 ℃) and kept in dark overnight. Then, in 
reduction process was used sodium citrate for reducing 
agent [9, 13] under heating process with addition of 
nitrogen to prevent oxidation process of Ag NPs which 
can form complex compound that decreasing yield of Ag 
NPs on BC [24]. After that, the membrane BC/Ag NPs 
was cooled at room temperature and rinsed with distilled 
water to remove the chemical residue. For final process, 
the BC/Ag NPs was freeze-dried to get the dried 
membrane BC/Ag NPs. There are some reactions of 
reduction that occur during the process: 
 
- Oxidation of BC [16] 
 
 
- Immersing Process [16] 
  
 
- Reduction of Ag [13] 
4Ag+ (s) + C6H5O7Na3 (aq) + 2H2O  4Ag
0 (s) + 
C6H5O7H3 (aq) + 3Na
+ (aq) + H+ (aq) + O2(g)  
 
 
III.2.  Energy and Mass Balance Analysis 
Refer to the production scheme as shown in Figure. 1, 
the amount of product depends on the number of 
bacterial celluloses that had been used. Energy and mass 
balance analysis calculated based on the following 
several assumptions:  
 The compositions in the making of oxidized BC in 
literature were counted as a BC production [13]. 
 The other chemicals were sodium citrate and silver 
nitrate. 
 Conversion rate for the oxidized BC formation 
process was 90%. 
 Conversion rate for the BC-Ag NPs formation process 
was 90%. 
 Losses gained due to mechanical process, including 
purification, drying, and collecting products were 
10%. 
 
Refer to the calculation above, to produce 1 kg of 
BC/Ag NPs, the process needs 1.1 kg of oxidized BC, 
5.2 g of sodium citrate, and 1.7 g of silver nitrate. This 
result was used for further analysis for the scaling up 
process. 
III.3. Economic Evaluation in non-ideal condition 
In order to analysis the economic point of view, there 
was some assumption as follows: 
 
 IDR (Indonesian currency) was used in the 
calculation for the economic condition. Then, the 
value was converted to USD with a fix currency of 1 
USD = 10,000 IDR. 
 The prices of raw materials were obtained from 
online market. Briefly, the prices of the total raw 
materials of oxidize BC formation, sodium citrate, 
and silver nitrates were 30.5 USD; 0.53 USD; and 
3.52 USD, respectively.  
 The amounts of material used in production refer to 
stoichiometrical calculation. 
 Instrumentation, plant start up, and electrical 
component as the supporting fees are neglected in this 
study. 
 The process was done under the purchased land. 
Hence, the land was calculated as the initial cost (at 
the beginning of the plant construction) and 
recovered/regained after the project (at the end of the 
project). 
 For calculating depreciation, direct-type depreciation 
was used [25]. 
 One cycle in the production to composite Bacterial 
Cellulose into BC/Ag nanoparticles needs 8 hours of 
production. 
 A year project is 300 days and the rest of days are 
used for cleaning and setting up the process. 
 Basic electricity cost is 0.15 USD/kWh. 
 The total wage/labor was assumed with fixed value of 
8 USD/day. 
 The discounted rate and the income tax were 15 and 
10% annually, respectively. 
 The length of project operation was 20 years. 
III.4. Economic Evaluation in ideal condition 
The CNPV curve with various economic evaluation 
parameters under ideal condition showed in Fig. 2. The 
result confirmed that the production of BC/Ag 
nanoparticles are promising and could be scaled up refer 
to engineering analysis. The economic evaluation shows 
the promising results as the value of economic 
parameters are positive. This project also needs a short 
time to recover the cost of investment since the PBP was 
only about more than 3.5 years. Therefore, this project is 
ideal to be running in the industrial production.  
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Figure.2. Ideal condition for CNPV under various 
economic evaluation parameters 
 
 
III.5. Effect of Raw Materials 
First, the analysis was about the effect of the various 
cost of raw materials and the sales of product on GPM. 
Figure 3 shows that the increasing of BC-Ag NPs sales 
affect to the positive GPM. It means that it will be 
profitable as the sales increasing. Otherwise, the 
increasing of the raw materials affect to the negative 
GPM. The effect of Bacterial cellulose cost was higher 
than other raw materials which means it could lower the 
GPM that significantly difference.  
 
 
Figure.3. Raw materials (i.e. silver nitrate, sodium 
citrate, dand bacterial cellose) and sales (NP BC-Ag) cost 
on the GPM. 
 
Figure 4 shows the CNPV analysis to various variable 
costs. When the variable cost was more than 100% the 
result was exceed the minimum PBP, so it will be 
unprofitable. Therefore the variable cost that was less 
than or equal to 100% will yield higher profit. Based on 
that result, CNPV that differ in variable cost affect to 
profitability of the project. 
 
 
Figure.4. CNPV curve under various variable costs. 
 
III.6. Result from engineering perspective 
The potential of scaling up process could be found 
in the engineering point of view. If the project has been 
done with 4000 processing cycles per year, it will 
produce about 4 tons of BC/Ag NPs by consuming 4.4 
tons of Bacterial Cellulose per year. The cost of the 
instrumentations that are needed in this production is 
USD 6.199. Moreover, the whole project could produce 
80 tons of product in the ideal condition for 20 years of 
production life time.   
III.7. Result from economic evaluation 
Refer to the economical evaluation analysis above, 
the production of BC/Ag NPs in ideal condition is 
decent. But, the changes in economic condition could 
affect to beneficial of the project. In other words, if this 
production process is carried out with specific situation 
which over the ideal economic condition. It will be lost. 
The following descriptions of specific situation refer to 
the analysis are: 
 The profitable case of this project is when the cost of 
raw materials increasing less than 150% refer to the 
raw material analysis. The parameter of bacterial 
cellulose affects to the GPM the most since the 
parameter of sodium citrate and silver nitrates have 
similar affect to GPM.  
 To precede the project, we need to sale the product 
as higher as possible more than 50% of the sales. If 
we sale the product less than 50% of the sales, the 
project will be collapse since the minimum cost of 
production could not be covered.  
 The government could help the project survive in a 
long term with subsidiary although it has low effect 
to tax. 
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Several parameters are needed to analyse the economic 
potential. GPM, BEP, and PBP indicate the positive 
result whereas ROI analysis indicates the negative result. 
The result refers to Indonesian capital market standards. 
PBP result indicates that the production will get the profit 
after more than 3.5 years.   
The result of ROI in this study was about 0.25%. It 
means that the ability of production to gain the profit is 
low. This ROI analysis will be positive if the sales are 
extended, reducing the total cost of production, and 
reducing the total cost of raw materials by looking for the 
supplier that gives lower price. The ROI analysis 
indicates the sustainability of the production in long term 
so the higher ROI will attract the investor to invest in this 
project. Concerning the CNPV value, it was high result 
for 20 years life time of the project. The last CNPV of 
this project also indicates the high result. Therefore, it 
will be a proper project for investor since the economical 
evaluation indicates the promising profit.  
IV. Conclusion  
The present study showed that the production of 
silver nanoparticles (Ag NPs) in large-scale is promising 
from engineering perspective. Then, from the economic 
evaluation shows the profitability on this project can be 
increasing with several additions in investment and sales. 
To get a good sustainable production in the future, 
financial support from government or industrial 
foundations is very needed. Furthermore, the waste from 
this production is also very important to be reprocessed 
to prevent contamination of environmental pollution by 
silver metal. 
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